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Abstract
The electromechanical coupling factor Kp of systems Co0.4Zn0.6NixFe2-xO4 ( x=0.0,
0.2, 0.4, 0.6, 0.8 and 1.0) is larger than 1 and reaches a maximum value at Ni content
x=0.8. The ultrasonic velocity is determined and decreases with increasing Ni
contents to minimum value at x = 0.8. This composition is very important to the used
in medical ultrasonic and under water sound transducers and condensers.
The dielectric constant is measured and increases to optimum value at x = 0.8.The
dielectric constant increases also with rising temperature to maximum value near the
transition temperature. The dielectric anisotropy was also estimated.
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1.Intoduction
The scientific interest during the last few decades has been devoted to studying the
ferrite and related compounds because of their important technological applications
and unusual magnetic and electric properties. The study series have a perovskite
crystal structure. The transition metal occupies the lattice site B while the remainders
occupy the lattice site A [1]. All the transition metal elements are in the corners and
are surrounded by oxygen anions forming octahedral.
The magnetic interaction causes the formation of two magnetic sublattices whose
moments are almost antiparallel [2]. The small angle between these sublattices
moments leads to appearance of a weak ferromagnetic moment [3].
 The electromechanical coupling factor Kp in ferrites was not previously measured and
it is expected that the Kp in ferrites will be higher than those in ferroelectric materials.
The electromechanical coupling factor Kp was measured using the resonance and
antiresonance frequency method and was estimated from the relation:
r
p f
fK Δ= 51.2
Where Δf is the differency of the antiresonance and resonance frequency and fr the
resonance frequency of the studied pellets.
2.Experimental Procedure
A series of Co0.4Zn0.6NixFe2-xO4 ( x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) were prepared by
the usual ceramic method according to the stoichiometric formula. The stoichiometric
oxides CoO, ZnO, NiO and Fe2O3 were mixed together using magnetic stirrer and
distilled water for 6 hours. The slurry was dried and fired at 800 0C for 6 hours. The
composition crushed to fine particles and pressed into pellets of diameter 12 mm and
thickness of 3 mm. The pellets were placed at sintering temperature 1150 0C for 2
hours. The furnace left to cool to room temperature gradually. The X-ray diffraction
patterns showed the spinel cubic structure for all compositions. The dielectric constant
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was measured at different frequencies and temperature using multimeter type DM-332
for all samples coated with silver paste for the two surfaces.
3. Results and Discussion
3.1. Effect of Ni addition on the electromechanical coupling factor Kp
The electromechanical coupling factor Kp of compositions Co0.4Zn0.6NixFe2-xO4
( x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) is illustrated in fig.1. It is observed that the coupling
factor increases to optimum value of about 1.7 for Ni content x= 0.8 and then
decreases. This is attributed to the decrease of the electron hopping frequency
between Fe2+ and Fe3+ . This hopping frequency goes far away from the frequency of
the applied a.c field with increasing Ni contents. This evidence increase the coupling
factor with increasing Ni content. The decrease of Kp at Ni content x = 1 is due to the
hole hopping between Ni2+ and Ni3+ ions at the octahedral B sites accelerates the
resonance frequency of hopping with that of the applied field.
This is the first paper which described the measured Kp in ferrites with very high
values than those was discovered in ferroelectric materials. These ferrite compositions
are very important in technological applications.
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Fig.1: correlation between electromechanical factor Kp with Ni – content.
3.2. Effect of Ni contents on the ultrasonic velocity
The ultrasonic velocity of the systems Co0.4Zn0.6NixFe2-xO4 ( x=0.0, 0.2, 0.4, 0.6, 0.8
and 1.0) is shown in fig.2 . It is observed that the ultrasonic velocity decreases with
increasing Ni content to optimum value at x = 0.8 and then increases for higher Ni
content. It is known that Co0.4Zn0.6Fe2O4 is n-type . The hopping electron between
Fe2+ and Fe3+ frequency decreases with increasing Ni contents because the hole
hopping between Ni2+ and Ni3+ increases and displaces in opposite direction to the
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electron hopping between Fe2+ and Fe3+ at the B sites. Hence, the decrease of the
hopping electron retards the resonance frequency of the transducer giving rise to the
decrease of the ultrasonic velocity which was emitted from the transducers.
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Fig.2 : variation of the ultrasonic velocity with Ni contents.
3.3. Frequency variation of dielectric constant
Fig.3 shows the frequency dependence of dielectric constant ε for a series of
Co0.4Zn0.6NixFe2-xO4 ( x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0). The dielectric constant
increases upto 100 KHz and then decreases forming a peak value at 200 KHz for
different x. This way may be explained as follows: The dielectric constant of ferrites
varies mainly due to the fluctuation in the concentration of Fe2+ ions [4 – 7]. The
polarization and dielectric constant are expected to increase with the concentration of
Fe2+ . In general, the dielectric constant should decrease monotonically with
frequency in ferrites, because the electron exchange between Fe2+ ↔ Fe3+ ions cannot
follow the alternating electric field beyond a certain critical frequency. However, in
the present samples ,ε, shows anomalous behavior with frequency at 200 KHz.
Initially, it increases with the frequency, reaches a maximum and then decreases with
further increase in the frequency. The presence of Ni2+ and Ni3+ ions in B sites gives
rise to p – type carriers which also contribute to the net polarization in addition to the
n- type carriers. However, the contribution of the p – type carriers should be smaller
than that from the n-type carriers with an apposite sign. Since the p-type carriers have
a lower mobility than the n-type carriers, the contribution to polarization from the
former will decrease more rapidly even at low frequencies than the latter. Therefore,
the net contribution will increase initially and than decrease with frequency as
showed in the present samples. A similar behavior in the case of Cu-Ni ferrites also
repeated [6] and Ni-Zn ferrite [7].
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Fig.3: variation of dielectric constant vs frequency
3. 4. Effect of temperature on the dielectric constant
Fig.4 illustrates the dielectric constant ,ε, as a function of temperature for all samples
at 1KHz. The dielectric constant increases gradually on increasing the temperature.
This behavior has been observed previously [4,8 – 10]. The effect of temperature on
the dielectric constant could be explained on the basis of the similarity of the
polarization process in ferrite to that of electric conduction [5,11– 13].
The charge carriers are not completely free but are strongly localized at the third shell.
The displacement of the localized electric charge carriers determine the dielectric
polarization in ferrites which increases with temperature [14]. This is related to the
marked increases in the number of electric charge carriers and the drift mobility
which are thermally activated as the temperature increases. This leads to an observed
increase of ,ε, values as the temperature increases.
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Fig.4: dielectric constant vs temperature
3. 5. Effect of Ni-content on the dielectric constant
The effect of Ni-content on the dielectric constant, of the polarized and unpolarized
system Co0.4Zn0.6NixFe2-xO4 are shown in fig.5 . The dielectric constant is measured at
1KHz at room temperature for unpolarized and polarized sample. It is obvious that the
dielectric constant decreases to minimum at x=0.4 and then increases to maximum
value of 3000 and 9000 at x=0.8 for unpolarized and polarized samples respectively.
It is obvious also the ,ε, of the polarized samples is higher than those of unpolarized
ones. This is attributed to the following:
The dielectric constant is increased to maximum value at x=0.8 due to the electron
exchange between Fe2+ ↔ Fe3+ ions resulting in a local displacement of charges to
determine the polarization of the ferrite. The maximum value of ε is due to maximum
number of ferrous ions which are invalued in the phenomenon of exchange Fe2+ ↔
Fe3+ ions giving rise to this maximum dielectric polarization. A strong correlation
between the conduction mechanism and the dielectric behavior of ferrites has been
established [5,15]. The magnitude of the exchange which also controls the conduction
in ferrites, depends upon the concentration of Fe3+/ Fe2+ ion pairs [16] present on B
sites. The high values of ε of the polarized samples is due to larger concentration of
Fe3+/ Fe2+ ion pairs present on the octahedral sites.
180   M.H. Halabi et al. /  Energy Procedia  19 ( 2012 )  175 – 182 
x-content
0.0 0.2 0.4 0.6 0.8 1.0 1.2
di
el
ec
tr
ic
co
ns
ta
nt
ε
0
2x103
4x103
6x103
8x103
10x103
unpoling
poling,1/2KV,1/2h
Fig.5 : correlation between dielectric constant with Ni – content
3. 6. Dielectric anisotropy A
The dielectric anisotropy of the polarized samples at (1/2 KV/mm ,1/2 h) for the
system Co0.4Zn0.6NixFe2-xO4 is illustrated in fig.6. The dielectric anisotropy is
estimated from the relation %
p
unp
ε
εε −
:
The dielectric constant of polarized εp and εun of the unpolarized samples varies
mainly due to the fluctuation in the concentration of Fe2+ ions. The polarization and
dielectric constant are expected to increase with the concentration of Fe2+ ions. In the
present work, for nickel substitution there is a migration of same of the Fe2+ ions from
octahedral B to tetrahedral A sites [17] leading to decrease the dielectric anisotropy
for samples containing Ni (x=0.6). But for Ni (x=0.2,0.4 ,0.8 and 1) there is a
migration of the Fe3+ from tetrahedral sites to octahedral sites increasing the ratio of
Fe3+ / Fe2+ which increases the dielectric anisotropy to maximum value.
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Fig.6 : variation between dielectric anisotropy with Ni - content
4. conclusion
The main points come to the conclusion are:
1. The electromechanical coupling factor Kp of systems Co0.4Zn0.6NixFe2-xO4 (
x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) reaches a maximum value at Ni content
x=0.8.
2. The ultrasonic velocity decreases with increasing Ni contents to minimum
value at x = 0.8.
3. The frequency dependence of dielectric constant ε for a series of
Co0.4Zn0.6NixFe2-xO4 shows a peak at 200 KHz for different x . 
4. The dielectric constant as a function of temperature increases gradually on
increasing the temperature for different x.
5. The Ni content x=0.8 gives a maximum value of dielectric constant . 
182   M.H. Halabi et al. /  Energy Procedia  19 ( 2012 )  175 – 182 
References
[1] M.Marezio,J.P.Remeiko and P.D.Dernier,Acta Crystallogr.B26(1970),p.2008.
[2] I.S.Lybutin,T.V.Dmitreiva and A.S.Stepin,J.Exp.Theor.Phys.88(1990),p 590.
[3] M.Erbschutz,S.Shtrikman and D.Treves,Phys.Rev.156(1967),p.156.
[4] R.Waster, J.Amer. Ceram.Soc.74(1991)1934
[5] A.Narayanasamy and N.Savakumar, Bull.Mater.Sci., 31(3) (2008) 373
[6] S.Radhakrishna and K.V.S.Badarinath, J.Mater.Sci.Lett., 3(1984)867
[7] H.Ismael,M.K.El-Nimr, A.M.Abo-El Ata and M.A.Ahmed, J.Magn.Mater. ,
150(1995)403
[8] M.A.El-Hiti, M.A.Ahmed, M.Mosaad and S.Attia, J.Magn.Mater.150(1995)399
[9] M.A.El-Hiti,phase transition, 54(1995)117
[10] C.Prakash and J.S.Bual,J.Less Common Met., 107(1985)3868
[11] P.V.Reddy and T.S.Rao,J.Less Common Met.,86(1982)255
[12] M.A.El-Hiti and M.A.Ahmed,Mater.Sci.and Techn.,14(1998)19
[13] K.Iwaauchi,Jpn,J.Appl.phys.,10(1971)1520
[14] S.B.Narang,A.Sngn,K.Sigh,J.Ceram.Process.Ref.,8(5)(2007)347
[15]N.Sivakumer,A.Narayanasamy,
N.Popandian,J.M.Greneche,J.Phy.D:APPL.Phys.39(2006)4688
[16] K. Kamiyoshi,Sci.Rept.Res.Inist.Tohoku univ. A3(1951)255
[17}Ph.Taiheades,Ch.Savada,P.MilardandA.Rousset,J.Magn.Magn.Mater.
962(1992)104
